Phage 2 adsorbed to Pseudomonas aeruginosa strain BI in 5 mM Tris buffer, providing that cations like Na+, Mg2+, or Ca2+ were present. Adsorption was observed over a broad pH range, reaching a maximum level around pH 7.5, which coincided with the pH required for maximal activity of the phage 2-associated slime polysaccharide depolymerase. Mutants of strain BI and other strains of P. aeruginosa possessing slime layers that were devoid of phage 2 depolymerase substrate were incapable of adsorbing phage 2. On the other hand, those strains containing substrate for the phage 2 depolymerase in the slime layer were capable of adsorbing phage 2. The same relationship of phage depolymerase-substrate interaction to phage adsorption was observed with Pseudomonas phage 8, which possesses a depolymerase that differs in its specificity from the phage 2 depolymerase. The receptor-like activity of purified slime containing the specific substrate for the phage-associated depolymerase was demonstrable by its ability to inactivate phage. However, receptor-like activity or phage inactivation was not observed with those slimes that were devoid of the depolymerase substrate.
The synthesis of hydrolytic enzymes by phage-infected cells has been reported to occur in many different systems (2, 4, 11-13, 15, 17, 19, 21-23) . In some cases, the enzyme appears to be closely associated with the structural components of the phage particle. However, except for lysozyme, little evidence has emerged to support a functional role for these enzymes in the phage life cycle.
In the case of phage-associated polysaccharide depolymerases, it has been generally suggested that the enzymes act to disperse the viscous, interfering polysaccharide of capsules or slime layers, thus allowing phage to reach underlying cell wall receptor sites (9, 11, 21) . Some investigators believe that these same enzymes might also assist egress of phage from infected cells (9, 20) . In studies involving the Vi-polysaccharides of Salmonella typhi (24) , a phage enzyme appears to play a role in the reversible attachment of phage to the bacterial cell, deacetylating the Vi-polysaccharide (23) . The glycosidase associated with Salmonella phage 15, through its interaction with the 0-antigen, has been suggested as the specific molecular interaction required for phage adsorption (12, 22) .
The Pseudomonas aeruginosa phages and their associated slime polysaccharide depolymerases (3) offer a particularly useful system for study. Infection of P. aeruginosa strain BI by phage 2 results in the synthesis of a phagedirected polysaccharide depolymerase that is firmly associated with the phage particle. The substrate for this enzyme is contained in the outer slime layer of strain BI, and purified slime has been shown to possess receptor-like properties by its inactivation of phage 2 (5) .
In this report, factors that influence the adsorption of phage 2 to strain BI are described, with particular emphasis on the possible role of the phage 2-associated slime depolymerase. Mutants of strain BI that lack substrate for the phage 2 depolymerase (PDB2) in the slime layer were also isolated. Exponentially growing cells were treated with nitrosoguanidine (30 Ag/ml), centrifuged (5,000
x g for 15 min), washed with 0.05 M Tris-acetate buffer, pH 6.0, and suspended in TSB at a 1:10 dilution. The cells were then incubated overnight at 37 C, streaked on TSA plates, and further incubated. Isolated colonies were picked and screened by first preparing mature lawns (24 to 96 h of incubation). The absence of substrate for phage 2 depolymerase (PDB2) was evident by the failure of a clearing or halo development after a drop (0.5 ml) of depolymerase (PDB2) was placed on the mature lawn and incubated at 37 C for 18 h (4). For greater quantitation, assays were based on the release of hexosamines after mixing depolymerase and slime polysaccharide as previously described (4) . At concentrations of 30 gg/ml in 0.1 M sodium phosphate buffer (pH 7.5), slime polysaccharide was mixed with an equal volume of depolymerase and was incubated at 37 C. The amount of hexosamine was determined at 5-to 10-min intervals over a period of 60 min, after stopping the reaction by chilling. Progress curves were constructed, and the initial velocity was expressed in terms of nanomoles of hexosamine released per minute per milligram of protein (or per milliliter of enzyme).
Slime polysaccharide. With the following modification, slime polysaccharide was prepared from uninfected cultures of P. aeruginosa strains BI and EI as previously described (4) . The slime polysaccharide from strain BI is referred to as SPB, and the slime from strain El is referred to as SPA. The organisms were grown on cellophane sheets overlaying TSA plates and harvested after 18 h of growth. After the extraction, centrifugation, and alcohol precipitation steps (4), the precipitated slime was dissolved in distilled water and clarified by centrifugation (16,300 x g for 30 min). After extensive dialysis against distilled water, the slime was further clarified by centrifugation at 105,000 x g for 3 h. The adsorption of phage 2 was then examined under varying conditions of pH. The results presented in Fig. 3 show that phage 2 was adsorbed over a broad pH range, reaching maximum levels around pH 7.5. Interestingly, pH 7.5 was also found to provide the optimal pH for activity of the phage-associated polysaccharide depolymerase, which specifically acts upon substrate contained in the slime polysaccharide of strain BI.
Spontaneous mutants of strain BI, which were resistant to phage 2 (BI/2s), were isolated, and the nature of their resistance was determined to be the failure to adsorb phage. Strikingly, in each case, the loss in ability to adsorb phage was accompanied by the absence of phage 2 depolymerase (PDB2) substrate, which is normally present in the slime of the wild-type strain BI (Table 1) .
After nitrosoguanidine treatment, mutants of strain BI were selected that lacked substrate for the phage 2 depolymerase (BI/PDB2ng) and were, therefore, resistant to activity of the enzyme. In the case of each mutant, the absence of depolymerase substrate was accompanied by the inability to adsorb phage 2 ( Table 2) .
The possibility that phage adsorption may depend, in part, upon interaction between phage-associated depolymerase and its substrate was further tested with other strains of P. aeruginosa. The results are presented in Table  3 not contained in the slime of strain BI, and phage 8 did not adsorb to strain BI.
The receptor-like activity of the slime polysaccharide of the wild-type BI has been previously observed by its ability to inactivate phage 2 (5) . In the present study, purified preparations of saline-extracted slime polysaccharide were found to inactivate 100 to 350 phage 2 particles per nanogram slime. Slime polysaccharides were extracted from mutant BI/2sl and strain EI, both of which lack depolymerase PDB2 substrate and fail to adsorb phage 2. When compared to the slime of strain BI, the extracted slimes of BI/2sl and EI also failed to inactivate phage 2. These results appear in Fig.  4 .
DISCUSSION
The results which have been presented elucidate on the mechanism by which phage 2 adsorbs to its host cell P. aeruginosa strain BI. Phage 2 was found to readily adsorb in a simple medium composed of 5 mM Tris buffer, pH 7.5, providing that cations like Na+, Mg2+, or Ca2+ were present. The adsorption of phage 2 was observed over a rather broad pH range, reaching a maximum level around pH 7.5, which coincides with the pH conducive for maximal activity of the phage 2 slime depolymerase. This enzyme is known to be closely associated with the structured phage particle (3) and recognizes a substrate which is present in the slime layer of strain BI.
The possibility that the phage 2 depolymerase plays a role in the initial attachment of phage to host cell is supported by the data (15) . It has been suggested that these enzymes act on interfering exopolysaccharides and assist phage to reach the underlying bacterial cell wall receptor sites (9, 11, 21) . Park (18) suggested that the capsule of Klebsiella pneumoniae seemed to help rather than hinder phage adsorption in the phage depolymerase system he studied. The results of Mare and Smit (15) also indicated that phage adsorption was enhanced by the presence of a capsule, but these authors were unable to demonstrate phage inactivation with the extracted polysaccharide.
It is well known that certain surface structures and appendages of the bacterial cell, such as flagella (16) and pili (6, 7, 10) , may serve as specific sites for the attachment of phage. The results presented in this study suggest that the interaction between the phage-associated depolymerase and its substrate, present in the outer slime layer, may play a role in the initial attachment of phage to the surface of the bacterial cell. Similar findings in other systems also suggest that the phage enzyme-substrate interaction may play a major role in the adsorptive process. In the case of Vi-phage I and S. typhi, it has been presumed (14) that the Vi-phage I enzyme binds to its substrate Vipolysaccharide and accounts for initial phage attachment. The Vi-phage enzyme deacetylates the Vi-polysaccharide, and phage is eluted at 37 C without loss of infectivity (14) . Under natural conditions, it is believed that a second step of attachment involves the firm binding of Vi-phage I with the cell wall. In studies involving lipopolysaccharide receptors, a soluble protein produced in Salmonella el5-infected cells has been shown to cleave the phage receptor site on the surface of sensitive cells (12) . The purified protein was shown to possess properties expected of a component of the phage tail, adsorbing specifically to phage-sensitive cells. It has been proposed that the protein plays a major role in the process of phage attachment to the cell surface. In another study involving Salmonella e'5 phage, a glycosidase was found to be associated with the phage particle and may be responsible for its specific adsorption to bacterial cells (22) .
